Because hypoparathyroidism is a serious complication of thyroidectomy, we attempted to elucidate factors determining the risk of this postoperative outcome. 
hronic hypoparathyroidism is a serious and potentially debilitating disorder that results from a variety of causes. It most commonly occurs as a complication of thyroid surgery, with incidence rates of postthyroidectomy hypoparathyroidism ranging from 0% to 33% depending on the severity of the underlying disease and the extent of the operative procedure. [1] [2] [3] [4] [5] Persistent postoperative hypoparathyroidism usually results from intentional or inadvertent extirpation of the parathyroid glands during thyroidectomy or from interruption of the blood supply to the glands with subsequent infarction. 6 Signs and symptoms of the ensuing hypocalcemia include perioral or distal extremity paresthesia, muscle cramping, positive Trousseau and Chvostek signs, laryngeal stridor, and convulsions. The latter conditions may prove fatal. The long-term sequellae of untreated or inadequately treated hypoparathyroidism include premature cataract development, calcification of the basal ganglia, recurrent seizures, osteomalacia, and psychiatric symptomatology. [7] [8] [9] Clinical management of these patients is costly and can be challenging because the therapeutic window for vitamin D (often a required component of therapy) is narrow. Even short-term vitamin D intoxication, which may be asymptomatic, can cause nephrolithiasis and obstructive uropathy, resulting in permanent kidney damage. 6 Laryngeal nerve injury is another potentially serious complication of thyroidectomy. Permanent unilateral recurrent laryngeal nerve (RLN) paralysis manifests clinically as hoarseness, weakness, and breathiness of the voice and occurs with an incidence between 0% and 3.6% after thyroidectomy. 3, 10, 11 Traditionally, thyroidectomies have been performed by both general surgeons and otolaryngologists (ear, nose, and throat [ENT] surgeons). Comparison of different medical and surgical specialties with respect to outcome parameters is currently the subject of intensive investigation and is beginning to impact the delivery of health care in the United States. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Although such studies are frequently controversial, they have the potential to benefit patients, payers, and physicians alike. Moreover, studies of surgical outcome are of practical concern to primary care providers who may alter their referral patterns on the basis of a proven difference in outcome between two surgical specialties.
Because permanent hypoparathyroidism is a clinically significant complication of thyroidectomy, we attempted to identify those factors that determine the risk
METHODS
To assess the rate of development of persistent postoperative hypoparathyroidism among patients receiving thyroidectomy in a large southwestern community, a retrospective chart review was performed of patients who underwent total or subtotal thyroidectomy between 1988 and 1995 at four tertiary care hospitals in Albuquerque, New Mexico (University of New Mexico Health Sciences Center, Albuquerque Veterans Administration Medical Center, Lovelace Medical Center, and Presbyterian Medical Center). This retrospective study received exemption from regulations pertaining to human study by the Institutional Review Board of each hospital. Candidates for study inclusion were identified by querying preexisting databases from each hospital for all thyroidectomies performed during the preceding 6 years. From these, 142 cases of total or subtotal thyroidectomy were identified that included adequate postoperative follow-up data. Data from 438 patients were excluded from analysis for the following reasons: 377 patients received only partial thyroidectomy, 9 patients underwent intentional parathyroidectomy as a component of surgery, 9 patients had incomplete or missing hospital records, and 43 patients' charts lacked adequate postoperative follow-up information.
Data gathered from patient charts included age at time of operation, gender, ethnicity, the indication for thyroidectomy, preoperative and postoperative total serum calcium concentrations, the type of surgery performed (i.e., subtotal, total, or total thyroidectomy with lymph node dissection), the postoperative diagnosis as taken from the postoperative pathology report, and the postoperative clinical status of those patients with carcinoma of the thyroid (i.e., apparent cure, persistent or recurrent disease in the neck or distant metastases). Permanent hypoparathyroidism was defined as the postoperative development of hypocalcemic symptoms plus a requirement for oral vitamin D or supplemental calcium therapy 6 months after surgery. Patients were designated to have transient hypoparathyroidism if symptoms of hypocalcemia developed within the first 2 weeks after thyroidectomy but resolved without the need for specific therapy within 6 months. The presence of postoperative RLN injury was also noted.
Epithelial carcinoma of the thyroid was staged according to the method of Mazzaferri applied to the postoperative pathology report. 24 Stage I tumors were less than 1.5 cm in diameter or restricted to one lobe of the thyroid and were free of local invasion or distant metastases. Stage II tumors were 1.5 to 4.4 cm in diameter or involved both lobes of the thyroid and were free of local invasion or distant metastases. Stage III tumors were larger than 4.4 cm in diameter or exhibited invasion of local structures in the neck. Stage IV tumors were any tumors that demonstrated distant metastases. Because only one stage IV tumor was identified in this study, stages III and IV were grouped for the purposes of statistical analysis. For analysis of the effect of thyroid cancer staging, all surgeries performed for reasons other than thyroid cancer were assigned a stage of zero.
In an attempt to characterize further factors that may affect the incidence of persistent postthyroidectomy hypoparathyroidism, data for a number of other variables were collected and analyzed. Comparison of the indication for surgery was complicated by the inconsistent performance of preoperative thyroid biopsies in patients with thyroid nodules. Patients who underwent preoperative thyroid biopsy often carried a diagnosis of thyroid carcinoma as the indication for surgery, while those who did not undergo a preoperative thyroid biopsy carried a diagnosis of thyroid nodule or mass as the indication for surgery. For the purposes of analysis, the indications for surgery were based on the preoperative fine needle biopsy, if any, and were grouped as follows: no thyroid carcinoma, thyroid mass without preoperative fine needle biopsy, thyroid mass with indeterminate fine needle biopsy, thyroid mass suspicious for carcinoma by fine needle biopsy, or thyroid carcinoma. In addition, the potential relation of preoperative fine needle biopsy to the development of persistent postoperative hypoparathyroidism was explored and ana- (1) lyzed. For the analysis of ethnicity as a possible predictive factor for the development of persistent postoperative hypoparathyroidism, patients were grouped as Hispanic, non-Hispanic Caucasian, or other ethnicity. The presence of resident physicians during the operative procedure was also noted. The prospective decision to include subtotal as well as total thyroidectomies in the analysis derives from the fact that persistent postoperative hypoparathyroidism has been reported to occur in up to 4% of patients after subtotal thyroidectomy. 25 For the purposes of data analysis, postoperative hypoparathyroidism or vocal cord paralysis were treated as outcomes, and other factors (such as postoperative diagnosis) were treated as grouping variables. Univariate analyses were performed using Wilcoxon's Exact Test for variables with ordered categories (such as cancer stage) and Fisher's Exact Test for binary variables. Continuous variables were compared using the unpaired Student's t test. Multivariate analysis was performed using stepwise logistic regression to determine relations to independent variables and the effects of confounding variables using SAS software. (PROC GENMOD and the Logistics Procedure, SAS/STAT Software: Changes and Enhancements Through Version 6.12, SAS Institute, Cary, NC). Results of the univariate analyses are presented first, followed by the multivariate logistic regression and the results of subanalyses and examination of potentially confounding factors. A generalized estimating equation model with Logit link function and the usual compound symmetry correlation structure was employed to assess for the potentially confounding effects of clustering within specific surgeons. Finally, adjusted odds ratios with 95% confidence intervals are provided for both the full logistic regression (including all variables) and for the best model (including only those factors identified as independent variables).
RESULTS

Study Subjects
Demographic and descriptive characteristics of the 142 qualifying patients who underwent total or subtotal thyroidectomy during the study period are summarized in Table 1 .
Univariate Analyses
The following factors were found to be predictors of persistent postoperative hypoparathyroidism on the basis of univariate analysis: the presence of thyroid carcinoma ( p ϭ .01), stage of thyroid carcinoma ( p ϭ .008), and surgical specialty ( p Ͻ .001). The following factors were not found to be predictive of this postoperative complication: age ( p ϭ .95), gender ( p ϭ 1.0), ethnicity ( p ϭ .09), performance of a preoperative fine needle biopsy of the thyroid ( p ϭ .62), indication for thyroidectomy ( p ϭ .79), the type of surgery performed ( p ϭ .42) , or resident physician involvement in the thyroidectomy ( p ϭ .71). Data used for the univariate analyses are shown in Table 2 .
Nine (29%) of 31 patients who had thyroidectomy by an otolaryngologist met criteria for permanent hypoparathyroidism, while 6 (5%) of 111 patients who underwent thyroidectomy performed by a general surgeon met the same criteria ( Fig. 1; p Ͻ .001) . Ten surgeons performed the 31 thyroidectomies in the ENT group, and 7 different surgeons were involved in the 9 cases of permanent hypoparathyroidism observed in this group. In the general surgery group, 27 surgeons performed the 111 thyroidectomies, and 3 surgeons were involved in the 6 cases of permanent hypoparathyroidism observed in this group. One general surgeon was associated with 4 cases of postoperative hypoparathyroidism in a total of 35 thyroidectomies.
Multivariate Logistic Regression
Stepwise logistic regression for multivariate analysis identified surgical specialty and stage of thyroid carcinoma as the only independent predictors for the development of persistent postoperative hypoparathyroidism. Moreover, the effect of each of these factors persisted when the model was adjusted to account for the other: when adjusted for the effect of thyroid cancer staging, the effect of surgical specialty remained significant ( p ϭ .006), and when adjusted for the effect of surgical specialty, the effect of stage also remained significant ( p ϭ .02). Results of the multivariate logistic regression are shown in Table 3 .
Subanalyses and Evaluation of Potentially Confounding Factors
Indication for Surgery and Postoperative Diagnosis. Univariate analysis of the indication for surgery as determined by preoperative thyroid biopsy, if any, revealed a p value of .06 for a difference between surgical groups by Fisher's Exact Test. Analysis of the postoperative diagnosis, as taken from the postoperative pathology report, revealed that 28 (90%) of the 31 patients who received thyroidectomy by an ENT surgeon had a diagnosis of thyroid cancer, compared with 76 (68%) of the 111 patients who received thyroidectomy by a general surgeon ( p ϭ .02 by Fisher's Exact Test). Postoperative diagnoses according to surgical specialty are summarized in Table 4 . All cases of persistent postoperative hypoparathyroidism occurred in patients with thyroid cancer in this study.
Type of Surgery. Of the 31 thyroidectomies performed by
ENT surgeons, 8 (26%) were performed as total thyroidectomies with neck dissection, 21 (68%) were performed as total thyroidectomies, and 2 (6%) as subtotal thyroidectomies. Of the 111 thyroidectomies performed by general surgeons, 8 (7%) were total thyroidectomies with neck dissection, 73 (66%) were total thyroidectomies, and 30 (27%) were subtotal thyroidectomies. Exact Wilcoxon testing revealed a significant difference in the type of surgery performed between the two surgical groups ( p ϭ .002). When subtotal thyroidectomies were removed from the analysis, however, a significant difference persisted for the development of permanent postthyroidectomy hypoparathyroidism between the two surgical groups by Fisher's Exact Test ( p Ͻ .001). 
Staging of Thyroid Carcinoma. Patients who received thy-
roidectomy by an ENT surgeon had a more advanced stage of disease than those who received thyroidectomy by a general surgeon by Wilcoxon Exact Test when noncancer patients were included in the analysis ( Fig. 2; p ϭ .02) . When only patients with thyroid carcinoma were included in the analysis, however, there was no difference between the surgical groups in the stage of thyroid carcinoma ( p ϭ .63), and the difference between the surgical groups persisted with respect to the occurrence of permanent postoperative hypoparathyroidism ( p ϭ .004 by Fisher's Exact Test).
Clustering of Outcomes Within Specific Surgeons.
Logit analysis using a generalized estimating equation model to assess for the effects of clustering verified the difference in hypoparathyroidism between the two surgical groups ( p Ͻ .001).
Other Variables. There was no difference between surgical specialties in the development of transient postoperative hypoparathyroidism by Fisher's Exact Test ( p ϭ .50). There were no significant differences between surgical specialties in preoperative or postoperative serum calcium concentrations at 1 to 7 days, 1 month, or 6 months after thyroidectomy by unpaired Student's t test (data not shown, p Ͼ .05). Furthermore, Fisher's Exact Test indicated no significant difference between the surgical groups in the performance of a preoperative fine needle thyroid biopsy ( p ϭ .62), the involvement of resident physicians in the operative procedure ( p ϭ .71), or the postoperative recurrence of thyroid carcinoma among those patients with cancer ( p ϭ .81). Laryngeal nerve injury occurred in 2 (6%) of 31 patients in the ENT group and in 2 (2%) of 111 patients in the general surgery group ( p ϭ .57). No deaths occurred among patients in this study over the relatively short follow-up period examined. 
DISCUSSION
This study suggests that thyroidectomy performed by an ENT surgeon (or unidentified associated factors) may carry higher risk of persistent postoperative hypoparathyroidism than thyroidectomy performed by a general surgeon. This finding is qualified, however, by other factors that may affect this risk and are not uniformly distributed among the study groups. Specifically, a postoperative diagnosis of thyroid carcinoma appears to be a significant predictor of persistent postoperative hypoparathyroidism, and the ENT surgeons predominantly cared for patients with this condition. These data might even be interpreted as suggesting that general surgeons more frequently perform thyroidectomy for indications that are ambiguous or medically uncertain. Moreover, because all of the cases of persistent postoperative hypoparathyroidism in this study occurred among patients with thyroid cancer, no conclusions can be drawn from these data regarding the risk of this complication following thyroidectomy for nonmalignant indication.
The fact that patients in the ENT group possessed a more advanced stage of disease than patients in the general surgery group further suggests that these patients were at higher risk of postoperative complications before thyroidectomy was even begun. As shown in Table 3 , each increase in the stage of thyroid carcinoma was associated with a near doubling of the odds for developing persistent postoperative hypoparathyroidism. The discrepancy between the surgical groups in the stage of thyroid carcinoma apparent in this study may ultimately reflect an underlying referral bias, with more severely affected subjects being referred to ENT surgeons. Finally, the performance of a more aggressive operative procedure by the ENT surgeons also may have contributed to the difference we observed in our chosen outcome parameter. This practice may be desirable because modified radical neck dissection in addition to thyroidectomy is associated with a decreased rate of tumor recurrence in patients with thyroid carcinoma, although improved survival has not been demonstrated. [26] [27] [28] [29] [30] Because the presence of cancer as the indication for thyroidectomy and the performance of more aggressive surgery are both closely related to the stage of the underlying thyroid carcinoma, neither of these factors was identified as an independent variable when adjustment was made for the effect of stage.
Given the variety of factors that appear to contribute to the development of persistent postoperative hypoparathyroidism, it is unlikely that one factor, such as surgical specialty, will exert a disproportionate influence on this outcome if all other factors are equalized. It may be more accurate to consider a scenario in which a confluence of risk factors determines the ultimate incidence of this postoperative complication. Such a schema is presented in Figure 3 , with a postulated high-risk pathway depicted on the left and a low-risk pathway depicted on the right. It seems likely that such a multifactorial scenario most accurately describes the occurrence of postoperative hypoparathyroidism in our study population.
Similar studies on surgical outcomes have been previously published. Ouriel et al., for example, demonstrated improved postoperative survival when ruptured aortic aneurysm is repaired by a vascular surgeon as compared with a general surgeon among 243 patients and six hospitals in Rochester, New York. 21 Such studies highlight the existence of differences between and within specialties with respect to medical outcomes, but how such information should be used by the medical community is unclear. Variability between specialties in important outcome measures may be attributable to differences in training, interpretation of the existing literature, patient populations, physician experience, knowledge, skill, or luck. Moreover, it is likely that regional differences in outcome also exist, and these geographic effects may be as (or more) important in determining outcome in any given patient. Thus, studies demonstrating an improved outcome with one specialty relative to another should be interpreted cautiously.
Limitations of this study include a small sample size, a reduced power of the study to detect differences as a consequence of the small number of cases of postopera- tive hypoparathyroidism, the possible restriction of its findings to New Mexico, and the limitations inherent in a retrospective analysis. Also, we were unable to obtain data on the experience of the surgeons performing thyroidectomy in this study. Most experts feel that the experience of the surgeon is one of the most important factors in the avoidance of postoperative complications, and it is conceivable that less experienced physicians were clustered in the ENT group in this study. Furthermore, the validity of our clustering analysis, which was performed as a secondary analysis, may be limited by the small sample size. Nevertheless, because randomized, controlled, prospective studies to determine the optimal surgical management of thyroid disease have not been performed, retrospective studies provide valuable information about current medical practice, cost, and outcome. A preponderance of evidence obtained from such studies may ultimately effect a change in medical practice. Clearly, more definitive studies of the outcome of thyroidectomy are required before such a change can be advocated.
The involvement of resident surgeons during thyroidectomy did not prove to be a significant factor in the development of permanent postthyroidectomy hypoparathyroidism in this study. Similarly, the performance of a preoperative fine needle biopsy of the thyroid did not affect this outcome parameter. Although these findings may reflect a type II statistical error resulting from the small sample size, there is no a priori reason to suspect that either of these factors would play a significant role in the development of postoperative hypoparathyroidism. The lack of difference between the surgical groups in the occurrence of RLN injury may also reflect a type II statistical error, but the rates of RLN injury reported here are consistent with rates reported in other studies. 3, 10, 11 We conclude that patients who undergo thyroidectomy by an ENT surgeon may be at an increased risk of developing persistent postoperative hypoparathyroidism. Differences in case selection and surgical approach account for some of this disparity, however, and the presence of an advanced stage of thyroid carcinoma is likely to be the most important predictor of this outcome. Referring physicians should be aware of the risk of hypoparathyroidism that accompanies thyroidectomy and discuss this risk with their patients. The risk of permanent postoperative hypoparathyroidism may ultimately be reduced by careful communication between the referring physician and the surgeon about the type and extent of surgery perceived to be necessary.
